Regulation of UDP-glucose pyrophosphorylase isozyme UGP5 associated with cold-sweetening resistance in potatoes.
The regulation of UDP-Glc pyrophosphorylase (UGPase) isozyme, UGP5, was investigated in potato tuber. The cDNA for UGP5 was cloned into the bacterial expression vector pET21d and recombinant (RC) enzyme was expressed in E. coli (BL21 star cells). The RC-UGP5 isozyme was purified to near homogeneity using salt precipitation, hydrophobic interaction, and anion-exchange column chromatography. Kinetic analysis revealed that in the synthesis direction, K(m) values for Glc-1-P (0.83 mM) and UTP (0.22 mM) were similar to those observed previously with the mother tuber (MT)-UGP5. In the pyrophosphorolysis direction, the K(m) values for UDP-Glc (0.68 mM) and PPi (0.56 mM) were slightly higher than those observed previously. Maximum reaction velocities (V(max)) for RC-UGP5 were also elevated. Since the molecular mass, charge, and amino acid sequence of the MT- and RC-UGP5 isozymes were identical, it was assumed that altered kinetic constants may be due to an improper folding of RC-UGP5 polypeptide. Liquid chromatography-tandem mass spectrometry (LC-MS/MS) and proteomic analysis demonstrated that the UGP5 isozyme was a single polypeptide with a calculated molecular mass of 51.8kDa consisting of 477 amino acids. Native PAGE and kinetic analysis revealed that this polypeptide was monomeric in nature. Immunoblotting with specific antibodies and LC-MS/MS data indicated that UGP5 did not require any post-translational modification (e.g., phosphorylation, O-glycosylation, oligomerization/de-oligomerization, or the presence of the regulatory 14-3-3 proteins) for its regulation. Additionally, the two closely associated isozymes UGP5 and UGP6 in the cv. Snowden are likely the result of allelic differences of UGPase at a single locus.